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(57) Abstract 

The invention relates to a melbod 
and system for adaptive conection of the 
if fuel supplied in two-stroke 
m engines. During a continu- 
ous operation peiiod is the ali-fuel mix- 
ture regulated by force in increments in 
the lean direction (AF-) respectively in 
the rich direction (&P), whereby the 
fiiel amounts (F) could be established 
which causes taiocking (KNOCK) re- 
spectively four-stroking or misfiring (4- 
ST). These limit values are stored as a 
respectively a rich 
limit value Mf4st. For further operation 
of the combustion engine is a corrected 
il Fkod. used, which is cor- 

glven from an empirically determined 
value stored in a map, and dependent 
of the established lean limit value Mfk 
respectively the rich limit value Mf4st- 
The fuel amount (F) supplied will suii- 

X given according the (unction: F - 0 
Fkoir - Mfk + K . (Mf«t - Mfk), where 
K is a margin factor which defines if fur- 
dier operation of the engine will be con- 
trolled having an equidistant margin to- 
wards a knocking condition respectively 
a foui-stroking or misfiie condition, if K 

■ le of OJ, or if further operation will be controlled lowaid leaner air-fuel ratios, if K is 




control could th 



Ichavi 



a value below 0.5. Further 



ing a fixed relative margin towards a knocking condition as well as a four-stroking condition. 
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METHOD AND SYSTEM FOR AN ADAPTIVE FUEL CONTROL IN TWO-STROKE 
ENGINES 

Present invention relates to a method for fiiel control in two-stroke engines according the preamble of 
c\aim \, and a system used for the performance of the method according the preamble of claim 10. 

5 

PRIOR ART 

For larger combustion engines in vehicles are used relatively complicated systems in order to reduce 
emission levels and fuel consimiption. A feedback system having a lambda sensor in the exhaust 
system, is often used. The lambda sensor is used to control that the proper air-fuel ratio is 
10 maintained, whereby a three-way catalytic reactor could operate at optimum efficiency. 

For smaller and less expensive two-stroke engines, for example used in hand held garden machines, it 
becomes considerably more difficult to obtain a control system that vrill not dramatically affect the 
cost for the propulsion unit. Control systems with lambda sensors are comparatively expensive, and 

15 the lambda sensor is sensitive to fijel contamination. The major problem in two-stroke engines is that 
relatively large amounts of unbumed hydrocarbons are exhausted. TWs is caused by the two-stroke 
engines having rather simple type of control systems, and often optimised for driveability at the 
expense of increased content of hydrocarbons in the exhaust. ControUing air-fiiel ratios in the lean 
direction often results in reduction of unbumed hydrocarbons in the exhaust. At the same time will 

20 driveability decrease when controlling in the lean direction, and the risk for engine damages 
increases. 

In control systems where the control in the lean direction only is made towards the knock limit, in 
order lo reduce emissions, is a knocking condition ceased by increasing the fuel amount. The increase 
25 of the fuel amount could in certain operating cases come close to or exceed the amount of fiiel that 
cause a four-stroking conditioa 

OBJECT OF THE INVENTION 

An object of the invention is to obtain an optimal control of a two-stroke combustion engine as of the 
30 amount of fuel supplied. The optimal amount of fuel supplied is adapted to the fuel quality, the 
temperamre of the combustion engine and the condition of the Spark plug. 
Another object is to obtain an adaptive control system for two-stroke engines, which control system 
on a regular basis could establish feedback reference signals regarding the extreme limits for lean- 
and rich air-fuel ratios. 

35 Yet another object is that the performance of control of the combustion engine could be based upon 
feedback information representative for the air-fitel ratio A/F, without using lambda sensors. A cost 
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efficient and inexpensive cotnrol system could thus be consmied and implemented also for smaller 
two-stroke engines mthout increasing tie cost dramatically for such engines. 
Yet another object is to obtain a reductioa of uobumed hydrocaibons in the exhaust from two-stroke 
engines, which also will cause reduction of the fuel consumption, while maintaining driveability at an 
5 optimal high level at the prevailing conditions. 

SHORT DESCRIPTION OF THE INVENTION 

The inventive method is characterised by the characterising clause of claim 1, and the system fee the 
performance of the inventive method is characterised by the characterising clause of claim 10. 

10 

By the inventive mediod and the system for the performance of the method could optimal driveability 
be obtained as well as minimised levels of hydrocarbon emissions and fuel consumption. Driveability 
increases up until a certain limit of rich air-fuel ratio, while the emission levels decreases at leaner 
air-fuel ratios. By establishment of the rich limit of the air-fiiel mixture, causing four-stroking of the 

15 engine, and the lean limit of the air-fuel ratio, causing a knocking condition in the engine, could the 
optimal amount of fitel be established The optimal amount of fuel could then be determioed having 
predetermined margins towards the four-stroking limit as well as towards the knocking limit. Tliis is 
advantageous for combustian engines operadng with different qualities of fuel, and different types of 
igmdon plugs, ignidon gaps and varying ambient temperatures, etc. These different conditions of 

20 operation could lead to that the possible control range of the fuel amount supplied, ranging from a 
lower amount of fuel causing a knocking condition to a larger amount of fiiel causing a four-stroking 
condition, could show considerable differences in the size of the control range. The control according 
the inventive method will maintain a constant relative margin towards a knocking condition as well as 
a four-stroking or misfire condition, irrespective of (he size of the possible control range, 

25 

Other distinguishing features and advantages will appear firotn the characterising clauses of the 
remaining claims and the following description of preferred embodiments. The descriptions of 
preferred embodiments are made by reference lo the figures specified in the fdlowing list of figures. 

30 nCURES 

Figure 1 shows how the amount of fuel by forced control in steps AF/AF*/AFR is controlled to a 
knocking condition KNOCK, respectively a four-stroking condition 4-ST, 
Figure 2 shows a flow-chart for the inventive method. 

Figure 3 shows schematicaDy a system used for the performance of the inventive method. 
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DESCRIPTION OF EXEMPLARY EMBODIMENTS. 

In figure 1 is shovra how die amount of fiiel F supplied, is controDed according the inventive method, 
which method more closely is described by reference to Ihe flow-chart ^own in figure 2. 
In figure 1 is the order of combustion C specified at the horizontal X-axis, and at the vertical Y-axis 
5 is specified the present amount of fuel supplied. At the starting pcritit, which corresponds to the step 
20 in figure 2 and the combustion of order 0 at the X-axis in figure 1, is a fuel amount Fab supplied, 
given by a stored fuel map or table established from and dependent of detected en^ne parameters. 
The fiiel map Is in a conventionally manner an empirically established map, where the map for each 
type of engine and application is established from extensive tests. 

1 0 The method will proceed to step 22 when a substantially constant load case, so called steady state, is 
detected in step 21. A steady state is defined by the engine not being subjected to a transient load 
case, such as acceleration or pulsating load. In step 22 die present amount of fuel F supplied will be 
set to the fuel amount Fui, given by the map. The ranstant load case could be considered as a 
prevailing condition when speed- and load fluctuations are within predetermined limits, preferably 

1 S less than 5- 10% of the present speed or load. The stan is thus dependent of prevailing conditions, i.e. 
that a substantially constant load case exist 

A reduction of the amount of fuel supplied is thereafter made with a predetennined inaement 
AF ~ . After having supplied the reduced amount of fiiel a contixd is made in step 24 if a knocking 
condition has occuned due to the reduction. "Die knocking condition is an uncontrolled combustion 

20 that could be detected by vibration sensitive sensors mounted at the en^ne block or by analysing the 
ionisation current in the combustion chamber with a detection circuit similar to the circuit shown in 
EP,B,18S180. On the other hand it is desirable in certain type of applications, where emissions and 
fiicl consumption are considered, to lie as close as possible to the knock limit, but at a safe distance 
thereof. An optimal lean air-fuel ratio will thus be obtained, without running a risk of a knocking 

25 condition appearing, wliich is damaging to the engi ne. 

If a knocldng condition is not detected in step 24, the programme will proceed to step 25 wherein a 
hold parameter C is updated at each execution of step 25. The hold parameter C could preferably 
COTespond to one power sttoke of the combustion engine, in such a way that for each ignition is the 

30 hold parameter C added by a value of 1. A control is thereafter made in step 26 if the hold parameter 
have reached a predetermined number AC of power strokes, and as long as this number of power 
strokes has not been performed wDl ttie program return to step 25. The hold loop 25-26 will thus lead 
to that the reduced amount of fiiel will be supplied during a number of combustion's dependent of the 
predetermined factor AC, whereby any dynamically induced effects from the reduction could 

35 attenuate properly. AC is preferably set to a couple of tens of power strokes. 



After the bold loop 25-26 having supplied the present reduced amount of fiiel for a number AC of 
power strokes, then the programme will return to step 23 where a further reduction of the amount of 
fuel sillied is made with the predetermined increment £F ' . The steps 23-26 will consequently be 
repeated while succcffiively reducing the amount of fuel supplied by the predetermined increment AF 
5 , which each reduced amount of fiiel is supplied for a number AC of power strokes. 



When a knocking condition is detected in step 24, which knocking condition(KNOCK) in figure 1 
occurs after 8 successive reductions of the empirically determined amount of fuel Tut, by the 
increment AF , is the successive reduction of fiiel interrupted and the programme proceeds to step 
10 27. In step 27 is the present fiiel amount F supplied stoied in a memory Mfk , which amount of iiiel 
is (he lean amount of fiiel which will develop a knocking condition. Mfk is hereafter designated as 
the lean limit value. 

The programme will thereafter proceed to step 28 where the fuel amount supplied will be returned to 
the fuel amount F^b as given by the map. The return sequence is preferably performed in steps having 
15 a predetermined increment AFR, in wder not to cause sudden changes between an extreme lean 
operation and the empirically determined ideal operation as given by the stored map. The return 
sequence will thus be obtained in a successively manner until the present amount of fiiel supplied 
corresponds to the fuel amount Fub given by the stored map. 

The successive return sequences do not necessarily have to be as lengthy as the successive reduction 
20 in the lean direction towards the knocking limit, as caused by the hdd loop 25-26. The return 

sequence is performed towards an ideal condition and noe towards an extreme condition having a lean 
limit air-fuel ratio where an exact determination of the lean limit value is desired. The renim 
sequence from a knocking condition (KNOCK) could thus be performed by increasing the amount of 
fuel supplied with the incremeni AFR for each successive combustion, as shown in figure 1. 
25 As could be seen in figure 1 is AF ' smaller than AFR , which is the most advantageous 

implementation, by which the knocking limit will be approached in a cautious manner in order to 
obtain a proper establishment of the lean limit value Mfx , while the return sequence could be 
performed as quick as possible but nevertheless obtaining a smooth control of the en^ne. 

30 When the return sequence have reached the fiiel amount Fub given by the map, which is detected in 
step 29. then the programme proceeds to step 30 where the ftiel amount F supplied is increased by a 
predetermined incrementAF *. During a gradual control in the rich direction of the air-fuel ratio, one 
will finally reach a condition where the engine starts to misfire, or if it is a two-stioke engine the 
engine will start a four-stroking process, i.e. only ignite after every second compression phase. 

35 After the supply of the increased amount of ftiel a control is made in step 3 1 if the increases have 
induced a misfire or a four-stroking (4-ST) condition. Misfire or a four-stroking condition could be 
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detected in a similaily manner as the knocking condition by analysing the ionisation cunent in the 
combusuon chamber \nth a detection circuit similar to die circuit shown in EP.B.lSSlgQ. No 
ionisation cunent will be developed during a misfire. 



5 If a misfire cx four-stioking condition is not detected in step 31 then ihe programme will proceed to a 
hold loop 32-33 corresponding to the hold loop 25-26. The hold parameter C and the predetermined 
hold factor AC are js^ferably identical in the hold loop 25-26 respectively in the hold loop 32-33. In 
a similar manner will tiie increased amoum of fuel be supplied during a number of combustion's 
dependent of the predetermined factor AC, whereby any dynamically induced effects from the 

10 increase could attenuate properly. 

After the hold loop 32-33 having supplied the present increased amount of fiiel for a number AC of 
combustion's, then the programme will renim to step 30 where a further increase of the amount of 
fuel supplied is made with the predetermined increment AF *, wWch each successively increased 
amount of fuel is supplied for a number AC of combustion's. 

1 5 When a misfire or four-stroking condition is detected in step 3 1 , is the successive increase of fuel 
interrupted and the programme proceeds to step 34. In step 34 is the present fuel amount F supplied 
storied in a memory Mf«t, which amount of fuel is the rich amount of fuel which will develop a 
misfire or four-stroking condition. Mwsr >s hereafter designated as the rich limit value. 
At Ihis stage has a lean limit value Mfk as well as a rich limit value Mrst been stored in memories. 

20 A numerical calculation of a corrected optimal amount of fuel Fb„ could then be performed. The 
correcied amount of fuel Ffa„ could be adapted lo the prevailing operating conditions, in such a 
manner that safe and secure margins are obtained in relation to a knocking condition or a misfiring or 
four-sox)king condition. 

The programme proceeds to step 35 where this calculation of Ftn is performed. Fb„ could preferably 
25 be calculated by adding up the lean limit value Mfk with a pan of the difference between the rich 
limit value Mf^st and the lean limit value Mfk- Said part of the difference being obtained by 
multiplying the difference with a predetermined margin factor K, according; 

Fkon = Mfk + ^ ■ (Mf4st - Mf^) 
The margin factor K could for each type of application or engine be selected according the 
30 deteimining criteria's for the functionality of the engine. If for example an optimal margin in relation 
to a knocking condition as well as misfiring condition is desirable, could the margin factor be set to 
0.5. A margin factor of 0.5 will give a fuel amount Ftai according figure 1, in relation to the lean 
limit value Mfk and the rich limit value Mf4st. The fuel amount is here half-way between the lean 
limit value Mpx and the rich limit value Mf«t. 
35 If instead an optimal lean air-fiiel ratio is desired, which could be desirable if harsh emission 

demands are made for the combustion engine, could instead the margin factor be set to a value in the 
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range 0.15-0.20. A margia factor in the range 0.15-0.20 will give a fuel amount Fkcrj according 
figuie 1 , in relation to the lean limit value Mnc and the rich liniit value Mmst- The fuel amount Ftar2 
is here slightly above the lean limit value, 15-20 % of the difference between the rich limit value 
M and the lean limit value Mnc 
5 The margin factor K could also be a variable factor dependent of engine parameters, for example 
dependent of engine temperature K( t„, ), ot engine temperature and inlet air temperature K( tn, ,ti ). 

After having calculated the corrected amount of fijel Fko„ in step 35, then the programme proceeds to 
step 36, where a return sequence is imuated which will adjust the liiel amount supplied to the 
10 corrected amount of fiiel Fkm- Tbe return sequence Is preferably performed in steps having a 

predetermined increment AFR, in a similarly manner as performed in the return sequence in steps' 28- 
29. Detection is made in step 37 if the amount of fuel supplied have reached the corrected amount of 
fuel. As long as this corrected amount of fiiel has not been reached will a reduction of the amount of 
fuel supplied be made with the inciement AFR, and possibly reduced for each successive combustion. 

15 

When the amount of fiiel supplied coR«sponds to the corrected amount of fuel Fbn, as established 
from the detected rich limit value and (he lean limit value, then the programme in step 38 will return 
to the m^n programme. The set value stored in the map could possibly be correaed in the main 
programme, or alternatively could a cotTection factor Kp be stored and established according; 

20 KF = Fta,/F«b 

The correction factor Kf could thereafter be used for the entire map, for each fuel amount in 
question given by the map, irrespective of changes in speed or load. In an alternative mode of 
operation could a number of correction factors be established for several dififerem combinations of 
speed and load, where correction factors fra- speed and load cases in between are established by linear 

25 interpolation. The correction factor Kf could in a similarly manner as the margin factor K be 
dependent of engine temperature and possibly also the inlet air temperature, as K(( t,„ . ii ). 

In figure 2 is the loop 25-26 as well as the loop 32-33 also shown in a modified altcmadve 
embodiment, relating to updadng of the hold parameter C. The programme could preferably return 

30 to step 24 respectively step 31 after each update of the hold parameter C. This procedure would 
enable detection of a knocking condition respectively misfiring or four-stroking condition occuning 
during the time when the latest execution of reduction or increase of the ftiel amount is allowed to 
come into effect. This alternative is shown by dotted flow arrows. In this manner is a further 
reduction or increase of the fiiel amount avoided, if a knocking ot four-stroking condition occurs 

35 during the updating sequence of the hold parameter to tte value AC. 
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The hold parameter is set to a zero value preferably automatically at each start of the main 
programme, and when the hold faaor AC in steps 26 respectively 33 have been reached. 



Establishment of the rich limit value Mf4ct and the lean limit value Mfk is made repeatedly during 
5 one and the same continuos operating period of the engine. The repetition rate is determined by a 
I»edetermined ivnction that will restrict the number of occasions when this establishment is made 
over a time period. The establishment of the values should only occur during fractions of the total 
operating time of the engine. Said fraction being less than 5% of the total operating time, and 
preferably no more than 1 % of the total operating time. A control could be made in step 2 1 for this 

10 purpose, where a control is made if a certain time T have elapsed since the latest establishment of the 
corrected fuel amount Fbi. The step 21 coniains a two-pait condition, a load condition and a time 
condition, where both of these conditions must be fulfilled befoie a new establishment of Fh>r is 
made. In this way is assured that the engine is not frequently forced away iirom ideal operating 
conditions. This is advantageous for hand-held two-stroke engines, which often are operating over 

15 longer time intervals at a substantially constant load case. When a two-stroke engine has reached 
normal operating temperature, then the operating conditions usually only changes after a 
comparatively long time period. This will lead to thai a new establishment of Ftar only needs to be 
performed after very long intervals. 

During the warm up period of the combustion engine, or whenever dT/dt, preferably the first order 
20 derivative of tiie engine temperature, have a comparatively high value, is a new establishment of Ftcr 
performed at shorter intervals. The predetermined time T in step 2 1 could be dependent of the 
temperature T(m,) in such a way that T is set to very short time value until the engine reaches its 
normal operating temperature. The time T could possibly assume successively longer time values as 
the engine temperature approaches the normal operating temperature. 

25 

In figure 3 is shown a system used for the performance of the method according claim 1. The 
combustion engine is here shown having four cylinders 6, but engines having different number of 
cylinders could be used. A number of engine parameters EP such as speed, load and engine 
temperature are detected with a number of sensors mounted on the engine. 

30 The combustion engine, preferably a Otto-engine, is here equipped with an ignition system having a 
microcomputer controlled ignition control unit 2 and at least one spark plug fcff each cylinder. The 
ignition spark in die ignition plug is generated in a conventionally manner by the ignition control unit 
2 and an ignition coD 7 where the ignition voltage is induced. The ignition coU could be a common 
coil for all of or a part of the spark plugs in the engine. A system corresponding to the system shown 

35 in EP,B, 1 88 1 80 is preferably used, having an ignition coil mounted on top of each ignition plug 
without any ignition cables between the ignition coil and the spark plug. The ignitiCHi timing is 
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conveniently obtained in a conventionally manner from a map contained in the ignition control unit 2. 
Tbt ignition timing obtained from the map is set to a crankshaft position before the upper dead 
centre, dependent of Ihe detected engine parameters EP. 

The combustion engine is furthermore equipped with a microcomputer contrdled fiie! control unit 8 
5 having preferably one fuel injector nozzle 8 for each cylinder 6. The amount of fuel supplied is 
controlled by tJie fuel control unit 3, sending a pulse to an electrically controlled valve, possibly an 
electromagnetic valve, included in the injector 8. The pulse width correspands lo the amount of fuel 
sui^lied. At least one injector is preferably used for each cyliivder, a so caUed multi-point injection 
system. A common injector for all cylinders, a so called single point injection system, could 

10 alternatively be used. Determination of the pulse width, i.e. the amount of fuel supplied, is preferably 
performed in a conventionally manner by the fuel control unit 3. The pulse width is obtained from an 
empirically est^Iished map stored in ttie fuel control unit, where the necessai? pulse width is 
dependent of the detected engine parameters EP. The map F=f(EP) from which tl£ necessary amount 
of fuel is obtained, i.e. pulse width. Is stored in a pail 5A of a memory 5 of the fiiel control unit 3. 

15 The fuel centred unit 3 also obtains infonnation regarding a misfiiing or four-stroking condition and 
a knocking condition at input data lines 10 respectively 1 1. In the preferred embodiment is a 
misfiring condition as well as a knocking condition delected by the ignition system 2, which measure 
the ionisation current in the spark plug gap using an arrangement as shown in EP3, 1 88 1 80. No 
additional sensors are thus needed, such as vibration sensitive sensors mounted on the engine 

20 block(for detection of a knocking conditiffli) or sensors for detection of misfiring conditions. 

A misfire condition could be detected using different methods, which for example could use fwessure 
sensors arranged in the combustion chamber or by using different types of circuitry or software 
capable of detecting crankshaft speed irregularities. 

The meoKwy of the fiiel control unit also includes memory locations 5b and 5c, for a temporary 
25 storage of the lean limit value Mfk respectively the rich limit value Mwst • The different parameters 
C, AC, tte margin factor K, the correction factor Kf and the control increments AT ,AF ,AFR are 
also stored in the memory. The control inaements AF ,AF ,AFR and C, AC are preferably stored in 
the memory as fixed and non erasable predetermined constants, preferably a memory location of a 
PROM-type. Mfk. Mf4st> the margin factor K and the conection faaor Kf are preferably stored in 
30 an alterable but volatile part of the memory, which could be a RAM-type of memory. These volatile 
parameters will thus disappear each time the control system is deactivated. At each start up will the 
control commence with the non-corrected parameters obtained from the map. Anew establishment of 
Mfk, Mf4st. the margin feictor K and the correction factor Kf will be made after each start-up. 
In this way is a new correction scheme implemented at each start-up. Tliis could be motivated fa 
35 example if refiielling have been made of a different fuel quality, or if the engine temperature changes 
or if the gap size in (he spark plug gap is altered. 



In an alternative embodiment could at least the margin factor K and/or the conection faaor Kf, 
which factors have been established from limit values Mrc and Mf4st obtained from a preceding 
operation period, be stored in alterable but non-vdatile memories, At each start up will the fuel 
control commence with fiiel amounts corrected by ttiese ^ors, and following determinations of Mfk 
5 and Mfsst could establish new factors K respectively Kf. 

The four-stroking condition as well as a knocking condition is both preferably detected using tiie 
spark plug. The ionisation current in the spark plug gap could be analysed in a measuring window 
open during the post ionisation phase that follows the ignition voltage break down phase. A knocking 
condition could be deteaed by filtering out a characteristic frequency content, representative for a 

10 knocking i^ienomenoa, fiom the ionisation current during the post ionisation phase. A four-stroking 
or misfiring condition could be detected iirom the ionisation current, by Ihe fact that no ionisation 
current will be developed during a misfitie event A circuitry integrated in the ignition system 
corresponding to Ihe circuitry shown in EP,B, 1 88 1 80, could in this respea be implemented. Rather 
modest additional costs are incurred for the ignition system in question, essentially caused by some 

15 minor circuits having a limited number of for this purpose necessary discrete type of electronic 
components. 

The invention could be modified in a number of embodiments beyond the embodiment shown. 

For example could the rich limit sequence be initiated before the lean limit sequence, i.e. the rich limit 

value is determined befrae the lean limit value.When the present range between the lean limit value 

20 and the rich limit value once have been determined, could subsequent control be performed where 
only the lean limit value is updated, orihat the rich limit value is updated at considerably longer 
intervals. The increment AFR used in the return sequence do na necessarily have to be performed in 
discrete steps dependent of the occurrence of a number of combustion's. The return sequence could 
instead be executed as a time dependent function, for example in such a way that the return sequence 

25 is performed as a linear control over a lime period. If the determination of the lean limit value and the 
rich limit value should be made as fast as possible, at the expense of a smooth control of the engine, 
could (he return sequence to the set value of the map respectively Ihe corrected value Fhx, be made in 
one single step. The hold parameter C could instead of a number of combustion's correspond to a 
time period, where the factor AC corresponds to a predetermined or speed dependent time period, 

30 during which the latest initiated reduction or increase of the fuel amount should be allowed to come 
into effect, before the next reduction or increase of Ihe fuel araouni is initiated 
The empirically determined amount of fuel could instead from a map be given from a neural net, 
which neural net has been trained to give the desired output signal, i.e. fuel amount, dependent of the 
engine parameters detected. 
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CLAIMS 
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1. Method for fuel control in two-Stroke combustion engines c h a r a c t e r i s e d in 

-that an empirically determined fuel amount (F^) is supplied to the engine dependent of detected 
5 engine parameters such as speed and load, 

- that a gradual reduction (AF ) in the lean direction of the empirically determined amount of fuel 
(Fub ) is made until a uncontrolled combustion occurs, i.e. a knoctcing condition, and that a lean limit 
value (Mfk) corresponding to the nsduced amount of fuel momentarily supplied when the knocking 
condition occurs is stored in a memory, 
10 - that a gradual increase in the rich direction of the empirically determined amount of fuel (Fub ) is 
made until the two-stroke engine starts four-stroking due to misfire, and that a rich limit value 
(Mrct) ccmesponding to the increased amount of fiiel momentarily supplied when the four-stroking 
condition occurs is stored in a memory, 

-and when the rich limit value (Mpisr) and the lean limit value (Mfk) have been stored is an adaptive 
15 set value (Fh„) for the fuel amount calculated, which adaptive set value lies at a predetermined level 
between the rich limit value (Mkst) and tlie lean limit value (Mpx), after which the adaptive set value 
(Fton) is compared with the empirically determined amount of fuel (F^b ). and when a deviation 
occurs between these values is the empirically determined amount of fuel corrected proponicaially to 
the deviation between the adaptive set value (Ftn) and the empirically determined amount of fiicl 
20 (Fub). 

2. Method according cl^m Icharacterised in that the gradual increase and reduction is 
interrupted when the rich limit value respectively the lean limit value have been stored, followed by a 
return sequence to the empirically determined amount of fuel (Fm, ) or to the corrected amount of 

25 fuel which have been corrected dependent of the adiqxive set value (Ft„). 

3. Method according claim 2characterised in that the retiun sequence to the empirically 
determined amount of fiicl (Fu* ) or to the corrected amount of fuel which have been corrected 
dependent of the adaptive set value (Fim). is performed gradually. 

30 

4. Method according claim Scharacterised in that the gradual retiun sequence to the 
empirically determined amount of fuel (Fub ) or to the corrected amount of fuel which have been 
corrected dependent of the adaptive set value (Fi^), is performed in increments (AFR) of a larger 
size than the increments performed during the gradual increase(AF* ) or reduction (AF ). 



35 
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S. Method according claim lor4ctiaracterised in that the gradua] increase or reduction 
in increments (AF* reflectively AF ) is performed such tliat each inaemenlal change is maintained 
during a predetermined number of combustion's (AC). 

5 6. Method according claim ^characterised in that the predetermined number of 

combustion (AC) is in the interval 30-100 combustion's, whereby any dynamic effect caused by the 
incremental change is given time to attenuate properly. 

7. Method according any of preceding claims characterised in that the four-stroking 

1 0 condition as well as the knocking condition is detected via the spark plug of tlie combustion engine, 
by analysing the ionisation current developed in the spark plug gap in a measuring window open 
during the post-ionisation phase following the break down phase of the ignition voltage. 

8. Method accMding any of preceding claims characterised in that the determination of a 
15 rich limit value (Mf4st) and a lean limit value (Mfk) is initiated when the engine is subjeaed to a 

substantially constant load case (steady state) essentially without any changes in speed or load. 

9. Method according any of preceding claims characterised in that the determination of a 
rich limit value and a lean limit value is performed a repeatedly number of times during a continuos 

20 operatiag period of the engine, which repetition rate is determined by a predetermined function which 
will restrict the number of determinations made over a time period, such that the determinations of 
the lean limit value (Mfk) and the rich limit value (MF4st) is made during fractions of the operating 
period of the engine, said fractions being below 5% of the total qxirating period and preferably less 
than 1 % of the total operating period. 

25 

10. System for the performance of the method according claim 1 controlling the amount of fuel 
supplied in two-stroke combustion engines( 1) characterised in that the fuel control system 
of the combustion engine includes 

- a micrc^rocessor based control unit (3) having a memory (5) containing predetermined amounts of 
30 ftiel (F) dependent of at least different detected engine speeds and loads (EP). preferably according an 
empirically determined map or function ( F=f (EP) ), 

-means (7,2) for detecting a knocking condition and means (7.2) for detecting a misfire condition, 
-an input data line (1 1) coiuiected to the fiiel control system, at which input data line said means for 
detecting a knocking condition could deliver at occurrence a signal representative for the knocking 
35 condition. 



-an input data Une (10) connected to the fuel control system, at which input data Une sad means for 
detecting a misfire or four-strcddng condition could deliver at occurrence a signal representative for 
the misfire or four-sUDking condition, 

-means (steps 20-27) for a state responsive initiation of a successive control in the lean direction of 
5 the air-fuel ratio suppUed, and when a signal representative for a knocking condition occurs at input 
data line (1 1) fiom said means for detecting a knocking condition, allocates a value to a lean limit 
parameter (Mfk) representative for the present amount of fuel supplied, and 
-means (step 30-34) for a successive conn-ol in the rich direction of the air-fuel ratio supplied, and 
when a signal representative for a misfire condition occurs at input data Une (10) firom said means for 
10 detecting a misfire or four-stroking condition, allocates a value to a rich limit parameter (Mf4st) 
refH-esentative for the present amount of fuel supplied, and 

-arithmetic means, knovk' as such, integrated in the microcomputer, which aiithmedc means (step 35- 
37) calculates a corrected amount of fuel, which corrected amount of fuel is established dependent of 
a predetermined relative level in relation to the allocated values of the rich limit parameter (Mf4st) 
15 and the lean limit paiameier (Mfk), and where the corrected amount of fuel Fkor is substlmiing the 
fuel amount given by the empiricaUy determined map ( F=f (EP) ) during further continuous 
(^ration of the engine. 
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